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INTRODUCTION
The objective of this research is the development of improved technology for the preparation of coal-water slurries that have potential for replacing fuel oil in direct combustion.
This should be of major importance to the United States in its efforts to reduce dependence on imported oil and to rely more on its enormous low-cost coal resources.
In accordance with this objective, in the first stage of this project, considerable work was conducted to standardize experimental procedures for sample preparation, coal grinding, and rheological measurements to assure reproducibility of the experimental results. Since a Haake RV-12 viscometer with an MV-DIN sensor system was found to give the most reproducible results for measurement of slurry viscosities, it has subsequently been used for all of our rheological measurements. Methods were developed for applying the acoustophoresis technique for studying the electrokinetic behavior of concentrated coal-water suspensions. These measurements were carried out using this technique to identify the potential of chemical additives for functioning as reagents for effective dispersion. Detailed investigations of the effect of solids content and chemical additives on the rheology of coal-water slurries, prepared with fines produced by the ball milling of Pittsburgh No. 8 coal, were conducted during the first phase of our research program. These experiments were to provide a baseline against which the rheological behavior of slurries prepared with fines produced by high-pressure roll milling or hybrid high-pressure roll millball mill grinding could be compared.
Detailed investigation of the effect of high-pressure roll milling on the energetics of fine grinding and the rheology of coal-water slurries prepared with such fines was carried out in the 1 second stage of the project. preliminary investigations showed that although the high-pressure roll mill grinding of Pittsburgh No. 8 coal resulted in a briquetted product, due to the plastic nature of bituminous coals, deagglomeration of the briquettes and further reduction in particle size could be achieved by grinding the roll mill product in a ball mill with modest additional energy expenditure. Our experimental results indicated that a given degree of size reduction could be achieved by hybrid high-pressure roll miU/ball mill grinding with significantly lower energy expenditure as compared to that required for grinding in a ball mill alone. Viscosity measurements showed that the rheological properties of the slurries prepared with fines produced by the hybrid grinding of coal are similar to or better than slurries prepared with fines produced by grinding coal in a ball mill only. A commercially available popular reagent used to prepare the slurries, Coal Master A-23-M from Henkel Corporation, proved to be a very efficient dispersant.
Study of the aging behavior of slurries showed a non-linear increase in their apparent viscosity over time. This increase was found to be partly due to iron released through the oxidation of pyrite contained in the coal. This was confirmed through spectroscopic studies and chemical analysis. Removal of iron by washing coal with iron-complexing reagents significantly lowered the apparent viscosity of fkshly prepared coal-water slurries and slowed down the degradation of the rheological properties of the slurries, but only temporarily. Physical cleaning of coal, prior to the preparation of slurries, further improved the long-term rheological behavior of the slurries.
The viscosity of slurries with high solids content is strongly influenced by the packing density of the feed material. The packing density can be significantly dtered by mixing distributions of different median sizes, and to an extent by modifying the grinding environment.
The research during this quarter was, therefore, directed towards: 1) establishing the relationship between the packing characteristic of fines and the viscosity of slurries prepared with the fines 2) investigation of the effect of mixing distributions on the rheology, and 3) study of the effect of grinding environment in the ball mill on the rheology of coal-water slurries.
RELATIONSHIP BETWEEN THE PACKING DENSITY OF FEED

AND THE VISCOSITY OF SLURRY
The viscosity of coal-water slurries at high solids content is strongly influenced by the surface and packing characteristics of the particles. Improvement in the rheology of dense slurries can be achieved either by addition of chemical modifiers or by modifying the packing density of the solids. In this section, we will attempt to correlate the rheological behavior of slurries w i t h the packing density of the feed material.
First, a minus 8-mesh coal sample was ground in the high-pressure roll mill and then reground in a 10-inch ball mill with respective energy expenditures of 2.0 kWh/t and 1.0 kWh/t.
The ball mill discharge was screened at 150 mesh and the undersize (median size being 28 pm) was further ground in a 5-inch ball mill to median sizes of 22 and 10 microns. The packing densities of the fine products were measured using a tap density machine. The fines were used to 
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EFFECT OF MIXING FEED DISTRIBUTIONS ON THE PACKING DENSlT'Y OF COAL FEED AND THE RHEOLOGY OF COAL-WATER SLURRIES
In the previous section, we established the relationship between the packing density of the ground coal and the maximum possible solids content of coal-water slurries prepared with those ground products. We observed that an increase in the packing density of the feed results in a linear increase in the maximum possible solids content of the slurry. This implies that any improvement in the packing density of the feed material should result in a corresponding decrease in the viscosity of the slurry, with a given solids content, prepared with such feed.
It is well-known that mixing different particle sizes increases the packing density, especially when the particles are very different in size. The improved packing density is a consequence of the smaller particles f g the interstices between the packed coarse particles.
For every ratio of particle sizes, there is a composition that will optimize the packing density.
Continuous particle size distributions can also be mixed to improve the packing density. A density benefit from such a mixture requires a large difference in the mean sizes of the two distributions. As in the case of mixing diffextnt particle sizes, the packing density of the mixed distributions increases as the ratio of the mean particle sizes increases. The results of.our studies on the effect of mixing distributions on the packing density of fine coal feed and the viscosity of coal-water slurries prepared with such ground products are presented in this section.
The three distributed ground coals, mentioned in the previous section, were used for these studies and are designated as coarse (C), medium (M), and fine 0 distributions, their median sizes being 28, 22 and 10 pm, respectively. Four binary mixtures were investigatedthree of these were mixtures of medium and fine distributions with M/F ratios of 4: 1,2:1, and 1:1, and the fourth was a coarse-fine mixture w i t h C/F ratio of 73. Coal-water slunies, w i t h 61,63, 65,66 and 67 weight percent solids content, were prepared using each of the feed mixtures.
The tap densities of the mixtures as well as the original distributions are plotted in Figure   4 against the logarithm of median size of the feeds. As is apparent from the figure, mixed 
INFLUENCE OF GRINDING ENVIRONMENT IN THE BALLMILL ON THE ENERGY UTILIZATION AND THE RHEOLOGY OF SLURRIES
Fine grinding of coal for our research has been carried out mostly under dry conditions primarily because of the difficulty of experimentation using wet grinding conditions. Reparation of coal-water slurries with dry fines involves addition of water and mixing at high shear. It is known that energy utilization in wet grinding is slightly higher than that in dry grinding, Optimal energy utilization in wet grinding, however, depends on the solids content of the slurry in the d
Beyond a certain solids content, there is a significant decrease in the energy utilization with increasing fineness of grind. The addition of grinding aids which lower the viscosity of the slurry helps prevent this loss in efficiency. In the mineral processing industry, reagents are often added to the wet-grinding stage to facilitate uniform adsorption of reagents on the mineral surfaces.
Research work has been initiated in this quarter to study the effect of wet grinding with and without dispersant on the energy utilization and rheology of slurries prepared with fines produced by wet grinding.
A minus 8-mesh coal sample was ground in the 5-inch torque ball mill for 30 minutes under dry, wet, and wet with an addition of 0.5 wt% CoalMaster. Wet grinding was carried out at 60 wt% solids content. The torque and the mill speed were continuously measured during the grinding experiments. Figure 7 shows the variation of net torque with time for each of these experiments. While the torque during dry grinding remains more or less constant with time, there is a steady decrease in the grinding torque with time beyond the first few minutes. As can be seen from the figure, the addition of CoalMaster prevents such a lowering of torque.
Similar experiments were carried out with high-pressure roll mill ground product. The torque-time profiles for these experiments are given in Figure 8 . Unlike the results for wet grinding of primary feed without CoalMaster, there is no decrease in torque over time for wet grinding of the high-pressure roll mill product. This is perhaps due to improved packing density of the feed during high-pressure roll mill grinding. Table 1 gives a summary of the grinding condition for each of these experiments as well as the total specific grinding energy and median sizes of the ball mill discharge and the minus 200-mesh fraction in the discharge. Although there are differences in the specific grinding energy and the product median size, the particle size distributions are essentially self-similar as shown m 
RESEARCH WORK PLAN FOR THE NEXT QUARTER
Detailed investigation of the effect of miXing distributions on the rheology will be carried out in the next quarter. In particular, research will be conducted to optimize the ratio of the median sizes of the coarse and fine distributions and the mixing ratio of the distributions.
Experiments will be carried out to quantify the specific energy consumption for the preparation of such mixed distributions and compare it against that for a single distribution.
The effect of supplementaxy modifying reagents on slurry rheology will be investigated in greater detail. The effect of co-addition of various dispersants as well as dispersants and stabilizers on the viscosity of coal-water slunies will be studied. The influence of added iron cations on the viscosity of very clean coal will be studied in order to haUy prove that iron removal is the solution of our problem More work will be done on studying long term viscosity and stability of beneficiated / cleaned coal-water slurries.
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